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ABSTRACT 

As 

made to 

plan, a 

develop 

lunar activities are becoming a reality, plans must be 

live and work on the lunar surface. As a part of this 

way to handle cargo must be developed. In addition to 

ng a system to handle cargo, a standard zation should 

be developed as well. The need for such a standardization can 

easily be seen by the use of standards in the air freight 

industries. In order to set up such a standard, our effort was 

directed towards developing an interface between cargo and a 

cargo ship. A ship configuration and container shape were 

proposed and an interface was developed accordingly. 

A s  a solution to this problem, we have designed a self- 

aligning, remote locking interface to secure the cargo to the 

cargo ship. The interface is a pair of rings, one ring mounted 

on the cargo container and the other mounted on the ship. The 

rings incorporate: aligning pins with corresponding holes and 

DC motor driven camlock devices with corresponding lock/lift 

pins. The ship can hold up to six spherical or cylindrical 

shaped cargo containers which can be positioned or rotated to 

vary the ships overall center of gravity. 





fuel and the more weight being moved, the greater the amount of 

fuel needed. The most efficient fuel use is obtained by the 

greatest cargo weight to ship weight ratio. Therefore, the 

weight of the ship must be minimized while still allowing suf- 

ficient strength to support and carry the cargo. 

Considering these two factors along with other less 

restrictive factors, a transport ship was developed. (See fig- 

ure 1.) The ship can transport up to six cargo containers. The 

actual number of containers will affect the loading pattern. 

(See figure 2 . )  A framework design was used for the structure 

of the ship. Since aerodynamics is not a factor in space or the 

lunar surface, a solid sided ship was not necessary. The 

framework developed will support the following: up to six 

cargo containers, sufficient fuel for normal transport oper- 

ations, engines and control systems, and landing and docking 

gear. In addition, the framework designed to support the cargo 

containers will allow for variable loading orientations of each 

of the containers. This flexibility was incorporated into the 

design to allow for varying the position of the container's 

center of gravity with respect to the ship. 

Container Shape. Once the ship configuration and struc- 

ture were developed, the cargo container shape had to be estab- 

lished so that it could be integrated with the ship. In addi- 

tion, the container has to be able to withstand certain exter- 

nal stresses: thermal stress gradients along t h e  container 

surface, stress concentrations due to lifting forces, and body 

stresses experienced in take-offs, landings, and dockings. 

Along with the external stresses, the container also has to 
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withstand internal stresses from the cargo loaded in it. 

In order to satisfy these requirements a cylindrical 

shaped container was proposed. The container would actually be 

composed of a cylindrical body with hemispherical end caps. The 

length to diameter ratio was set at a magnitude of 2 giving the 

container an elongated shape. This would allow the container 

to fit the overall vertical scheme of the ship. In addition, 

the cylindrical shape can be rotated about its longitudal axis 

allowing for the balancing of the center of gravity of the 

ship. A s  a free standing body, the curved surfaces of the con- 

tainer enhance the distribution of the stresses caused by the 

thermal gradients as well as the internal and external forces. 

The cylindrical shaped container is very flexible in that 

a variety of cargo can be loaded into it. Furthermore, the . 

ability to rotate the cylinder with respect to the ship before 

locking it into place is a needed asset for balancing the load 

of the ship. Even with these advantages, the cylindrical con- 

tainer has one drawback. A cylinder is not the most efficient 

way to transport liquid oxygen. 

A sphere has the greatest volume to surface area ratio. By 

limiting the surface area for a given volume, less surface area 

is available for the influx of heat. Since heat influxes cause 

boiling off of the liquid oxygen, a spherical shaped container 

will minimize the boil off problem; therefore, a sphere is the 

most efficient way to transport liquid oxygen. 

In "Lunar Surface Return," a NASA document, several sce- 

narios for the transportation of lunar liquid oxygen were 

described. In addition, the amount of liquid oxygen needed for 



space station operations was estimated at one million pounds 

per year. The large amount of liquid oxygen production justi- 

fies the need for a spherical container. However, a cylindri- 

cal container is still required for transporting the variety of 

cargo needed on the lunar surface. Consequently, both contain- 

ers were considered and incorporated into our design. 

Philosophy of Standardization 

Standards are encountered everyday within a persons daily 

activities. Traffic signs, a typewriter keyboard, a music cas- 

sette tape, and even clocks are common examples of standardiza- 

tion. In industry, bolt sizes, tire sizes and tractor-trailer 

fifth-wheels are examples of standards. A s  seen from these 

examples, standards are needed in many aspects of everyday 

life. 

In recognizing the need for standardization, the transpor- 

tation industry has developed several standards of its own. In 

the 1800's, as the nation grew, the need for regional railroad 

lines to connect and expand became apparent. In order for this 

to be possible, a standard gauge had to be established by the 

railroad industry. 

Another good example of standardization is the land-sea 

transportation industry. By the 1950's several companies had 

independently established their own integrated cargo system. To 

accomplish this, a standardized container size was first estab- 

lished and then a system was designed around that particular 

size. Problems of standardization became obvious when each of 

these companies were operating a full container system 



w i t h  d i f f e r e n t :  s i z e d  c o n t a i n e r s ,  d i i f e r e n t  maximum w e i g h t  

c o n t a i n e r s ,  a n d  d i f f e r e n t  t y p e s  O f  l i f t i n g  a n d  l a t c h i n g  

d e v i c e s .  

T h e  lack of  i n d u s t r y - w i d e  s t a n d a r d i z a t i o n  p r e v e n t e d  t h e  

i n t e r c h a n g e a b i l i t y  o f  c o n t a i n e r s  b e t w e e n  c o m p a n i e s  a n d  f u r -  

t h e r  c o m p l i c a t e d  i n l a n d  s h i p p i n g  b y  t r u c k  a n d  r a i l .  I n  1965 

t h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  o f  S t a n d a r d i z a t i o n  ( I S O )  

e s t a b l i s h e d  c e r t a i n  s i z e  a n d  s t r e n g t h  s t a n d a r d s  f o r  c o n t a i n -  

ers. A l s o ,  c o r n e r  f i t t i n g s  a n d  l o c k i n g  d e v i c e s  w e r e  s p e c i f i e d .  

A s  w i t h  t h e  r a i l r o a d s  a n d  t h e  l a n d - s e a  i n d u s t r y ,  s t a n d a r d s  are  

i n  p l a c e  i n  t h e  a i r  f r e i g h t  i n d u s t r y  as  w e l l .  T h e  a i r  f r e i g h t  

i n d u s t r y  c a n  b e  d i v i d e d  i n t o  m i l i t a r y  o p e r a t i o n s  a n d  c i v i l  

o p e r a t i o n s .  B o t h  h a v e  t h e i r  o w n  s t a n d a r d i z e d  c a r g o  a n d  cargo 

h a n d l i n g  s y s t e m s ,  T h e  m i l i t a r y  s y s t e m  relies h e a v i l y  on a n d  

r e v o l v e s  a r o u n d  t h e  88" >: 108" p a l l e t .  T h e  r e s t r a i n t  r a i l s  a re  

set a t  108" g a u g e  a n d  a re  n o t  a d j u s t a b l e .  T h e  c i v i l  s y s t e m  

re l ies  more o n  i n t e r m o d a l  c m n t a i n e r s  a n d  88" :i 108" or  96" :.: 

108" c i v i l  p a l l e t s .  T h e  r e s t r a i n t  r a i l s  o n  c i v i l  c a r g o - c a p a b l e  

a i r c r a f t  a r e  a d j u s t a b l e  a n d  c a n  h a n d l e  d i f f e r e n t  s i r e d  

c o n t a i n e r s  i n c l u d i n g  t h e  m i l i t a r y  p a l l e t .  T h i s  f l e x i b i l -  

i t y  r e s L t 1 t s  f r o m :  ( i )  t h e i r  r e s p m s i b i l i t y  i n  c o n j u n c t i o n  w i t h  

t h e  C i v i l  Reserve  A i r  F l e e t ,  ( i i )  t h e  n e e d  t o  t r a n s p o r t  cctn- 

t a i n e r s  of v a r y i n g  d i m e n s i o n s ,  a n d  ( i i i )  t h e  n e e d  t o  t r a n s p o r t  

c c i n t a i  ners b e t w e e n  d i f  f e r - e n t  t r a n s p o r t  a i  rcra.f t w i t h i n  
. 

a n  i n d i v i d u a l  a i r l i n e s .  ~ ~- 

A 1  1 area5 o f  t h e  t r - a n s p u r - t a t i  on i r i d u s t r y  h a v e  seen t h e  

n e e d  f o r  5 t a n d a r d i z a t i c o - t .  ($5 w e  c c n s i d e r e d  a c a r g o  h a n d l i n g  

scheme f o r  O p p r a t i c J n s  an t h e  l u n a r  E ; u r f a c e ,  t h e  n e e d  f o r  stan- 



dardization was a primary concern. 

Existing Interfaces 

The connection of two objects through the use of an 

interface is a relatively common concept and is usually taken 

for granted. Interfaces range from being very simple as with 

fasteners to very complicated as with the cargo locking system 

on the space shuttle. There are several intzrfaces in parti- 

cular which perform some of the functions or display some of 

the characteristics which are desired in our design. 

The land-sea industry established certaln IS0 standards 

for container size in the 1960's.  A l s o  a standard interface 

was set. This interface consists of IS0 corner units placed 

on each of the eight corners of the 8 ' : i  8':i 20' standard cnn- 

tainers. These IS0 corner units are a fle:cibls type of inter- 

face and provide for easy locking, lifting, and stacklng of the 

container. Easy locking is accomplished by placing faur lock- 

ing devices on the flatbed of a truck or railcar or In the 

czirgo cells of shi?s. These  locking devices a r e  u s 4  through- 

out the land-sea transport industry. In order to lift the 

car20 a crar,e or forklift configcration aliz-ns itseif to t h e  

corner units, locks into them, and then lifts. Stacking of 

containers is also easily done with the use of stacking adapt- 

ers placed in the corner fittings. The containsrs are d e s i g n e d  

to be stacked four high. 

As with the land-sea tracsportation ir,d::str;7 ~ : , e  alr  

freight industry also ir,terfac?s czrgo to a c.31'31~ c-'' C l L r l e ' L ' ,  . 

namely an aircraft. In the air freight industr:r, cargo in the 



form of pallets or intermodal containers is positioned and is 

then held in place by a cargo handling system. The contaln- 

ers are placed on rails as they enter the aircraft. Once in 

their final position, the containers are locked down from the 

floor of the aircraft. The container's size and shape as w3ll 

as the cargo handling system are standardized throughout the 

air freight industry. The interface here is the mating 

together of the cargo handling system and the containers. 

Another type of interface which is relevant to our design 

are the missile launchers on aircraft. These launchers 

remotely lock the missile into position ar.2 remotely release it 

when launched. This remote locking and releasing is accom- 

plished through a fairly complicated mechanical setup. The 

ability to remote lock and release is desirable in an interface 

In researching existing interfaces a good starting point 

is to study certain interfaces which perform some of the func- 

tions or display some of the characteristics desired. The 

three interfaces mentioned here exhibit several qualities in 

which we would like to incorporate into our design. 



D E S  I G N 0 i3 J ECT I VE S 

Before we were able to design the interface we first had 

to decide on a ship configuration and a container shape. With 

this proposed, we recognized the need to have a standard inter- 

face. Next we researched existing interfaces, locking devices, 

and systems incorporating both of these. To be able to apply 

these concepts to o u r  problem, perfcrmance criteria and con- 

straints had to be established. 

Performance Criteria 

Due to the nature of the lunar envlronrnent, o u r  cargo 

interface will have to perform differently than cargo inter- 

faces used on earth. Visibility in space is very limited and 

hearing is nonexistent outside of communication transmissions. 

To compensate for these limitations, the interface should be 

self-aligning. Another problem encountered in the lunar envi- 

ronment is limited mobility. This is caused by the need to 

wear {a s?ac=esuit. F1s:noteIy operating the  locking/releasing of 

the interface will compensate for this liaitation. In addition 

to compensating :or inan's linitntions in space, the interfacs 

must also be designed with man's safety in mind. Therefore, 

failure of the interf2ce should not result in an unsafe situa- 

tion. 

Not only does the lunar environment affect man's perfor- 

mance, it also affects the perfornar.:e of the iiit-rface. The 

temperature extremes (250 to -300 F )  can reduce the intei-- 

face's materiai strength resulting in fracture as well as caus- 



iriy the interface mechanism to jam due to thermal expansions or 

contractions. The accumulation of moon dust can also jam the 

mechanism. Furthermore, inoon dust will increase the wear rate 

on mating surfaces. These environmental factors greatly influ- 

ence the interface's reliability. In order to maintain high 

reliability of the interface, a simple design is desired. This 

can be done by reducing the number of moving parts and mating 

surf aces. 

Constraints 

In addition to the performance criteria, certain con- 

straints will also influence the design. To reduce costly fuel 

consumption, the weight of the interface along with the weight 

of the ship and the container must be minimized. However, the 

strength of the interface must be maintained. This strength is 

needed because the interface will experience several different 

stresses. These stresses a r e  caused by the forces associated 

with take-offs, landinss, and dockinss; the cargo handling 

devices during lifting and moving operations; and gravitational 

forces exerted on the cargo when locked into the ship. 

As mentioned before, t h e r m a l  stresses will affect the 

operation of the interface. Furthernore, these stresses will 

also affect the alignment of the interface's mating surfaces. 

This must be taken ir?to account when establishing tolerances. 

These tolerances should a l s o  be specified to help the visibil- 

ity limitations associatd with loadlng oper3tions. 



DESIGN SPECTFICATIONS 

General description 

The main thrust of the design was the development of an 

interface to connect cargo to a cargo ship on the lunar sur- 

face. The cargo to ship interface combines a ship component 

and a cargo component. The s h i p  component consists of a flat 

horizontal ring supported from below. The ring contains s;x 

countersunk holes and three camlock devices. (See figure 

B - 4 ) .  The cargo component consists of a flat horizontal ring 

with three verticai pixs and six lock/lift pins. (See figure 

B-1). If the cargo is a cylinder, then six pairs of moment 

hooks are located near the top of the container. (See figure 

4-4 ) .  

The pins on the cargo component and the countersunk 

holes on the ship component are for alignment purposes. The 

pins slide into the holes until the flat ring of the cargo 

somponent meets the flat ring of the ship component. Once 

th? ?ins ar2 fully seated in the holes, they also resist any 

horizontal forces acting on the interface. 

The cxmlock and the lock/lift pins are used to pull the 

cargo component into locked position on the ship component. 

The camlock rotates in the vertical plane to engage and lock 

down the lock/lift pin, Once the camlocks are in the fully 

locked position, they a l s o  resist any vertical force compo- 

nents actirg on tlic interface. ( S e t ?  figure A 5 ) .  



The moment hooks are used to resist any additional 

moment associated with the higher location of the center of 

gravity for the cylindrical container. 

A lifting interface was conceptualized similar to the 

design of the cargo component ring of the interface. The 

lifting ring does not have the aligning pins that the cargo 

ring has; however, it does have the six lock/lift pins. 

Detailed Description 

Interface operation. Before the actual interface oper- 

ation was specifies, several assumptions were made. Most of 

these assumptions involved the action of a theoretical lift- 

ing device. It was assumed the lifting device loads and 

unloads the cargo from the cargo ship in the vertical direc- 

tion. The lifting device has the capabilities of preventing 

the cargo from spinning about its own vertical axis. It can 

also keep the cargo f rom swinging into the shi7. The lifting 

device also has an end effector that connects to the cargo 

and has the capabilities of rotating the cargo 130 degrees 

abolit its vertical axis with an accuracy of 2 degrees in the 

horizontal plane. The lifting device also has to be capable 

of applying 4000 pounds of lifting force to the cargo. 

The interface operation begins with the lifting device 

lowering the  cargo vertically onto the ship component. The 

six holes in the ship component allow the cargo to be pcsi- 

ticned in si:.: different ;3ositions which are  60 degrees cf 

rotation about from each other. Here we assume the operator 

of the lifting device would be able to either see the cargo 



pin t o  ship hole relationship or have sone kind of feedback 

indicating their relationship. The operator should also know 

the appropriate holes to set the cargo in so the cargo's cen- 

ter of gravity is closest to the center of the ship. 

A s  the cargo approaches the ship comFonent, the cargo is 

rotated until the cargo pins a r e  approximately above the cor- 

rect countersunk holes in the ship component. Then further 

lowering will cause the pins to engage the holes. The pins 

will slide into the holes as the operator continues lowering 

the cargo. 

The pins in the holes will align the cargo as it is low- 

ered. The cargo will be in proper position for locking once 

the flat ring of the cargo component comes to rest on the 

flat ring of the ship component. 

When a cylindrical shaped cargo container is loaded on 

the cargo ship, the addition of the six pairs of moment hooks 

become apparent. As the cargo is lowered, the alignment pins 

start to engage the appropriate holes. At the same time, a 

pair of moment hooks engage a pair of bars mounted on the 

ship. With the cargo continuing to be lowered, the hooks 

slide over the bars. When the cargo is In its seated p o s l -  

tion, the bars are positioned in the hook slots. The hooks 

then resist any tipping moments. 

Once the pins are completely lowered into the holes, the 

second fcnction of the interface begins. Now that the cargo 

is properly seated, the lock,'lift  ins ar? directly above 

each camlock device. The camlock is initially in a stowaqe 

positicn below the surface of the ship component. A lcw 



speed, high torque, reversible DC motor is used to drive each 

of the camlocks. The motors are remotely actuated causing 

the camlocks to rotate and engage the lock/lift pins. AS 

each camlock continues to rotate, it draws the respective 

lock/lift pin into its slot which in turn draws the cargo 

closer to the ship. After rotating 180 degrees froin its ini- 

tial stowage position, the camlocks are in the fully locked 

position. Qnce fully locked, a signal is sent the ship!s coz- 

trol system. If any of the camlocks do not fuliy lock, this 

signal will not be sent; consequently, the control system 

will prevent lift-off. Likewise, failure of any camlock to 

completely disengage during the unloading process will result 

in a signal being sent to alert the operator of the lifting 

device. Dimensions. Once the material of the various compo- 

nents was specified, calculations were done to determine max- 

imum stresses. Once aware of these stresses, detailed dimen- 

sions of the interface were produced. These dimensions take 

ir,to account tolerance and coefficient of expansion. 

m zcr the actual dimensions of the components, refer to 

the following drawings: 

A-1 ?in and Ring Machining Details 

A-2 Moment Hook Detail 
* 

A-3 Camlock Detail 

B-1 Spherical Cargo Interface 

B-2  Lock/Lift Pin Details 

E-3 Alignment Pin Details 

E-4 Shi? Interface 

B-5 Alignment Pin Receptacle Details 
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MATERIAL SELECTIGN 

Ove r v i ew 

Material selection is of upmost importance in all mecha- 

nical design. Materials have to be capable of the designed 

operation within the environment for the proposed use. The 

moon environment poses a great challenge to material proper- 

ties. The vacuum like atmosphere, the extreme low tempera- 

tures, the abrasive lunar dust, and the ultra-violet radiation 

from the sun are just a partial list describing the moon's 

harsh environment. In order to nake decisions as to t h e  best 

material, a perfect material was proposed. This material would  

have the following qualities: 

1. very low thermal expansion, 

2 .  high resistance to brittle failure at lcw 

temperatures, 

3. high resistance to ductile failue at high 

temperatures, 

4 .  high resistance to abrasion, 

5 .  high strength-to-weight ratio, 

6 .  machineability. 

These properties were inportant to all t h e  mechanical parts of 

our interface. However, their r3iative 0rd2r of importance 

depended cn the part's function. 

Although composites may be the best inaterial choic?, we 

did n o t  feel that we had sufficient t l xe  to proyer1-y rssearch 

this aroz. (See appendix ) Tii?refore ,  we only c o n s i d $ r e d  

metals f o r  our materlzl choice. 



When ti-ying to find a metal that resist; d i l Z t i 1 2  brittle 

transitions between -200 and 400 F, BCC an?, IiC? 1:ieLals shc lu ld  

be avoided. Metals with these configuration:; experienced 

brittle and ductile behavior between these ranges. However, 

metals with FCC structure exhibit much mcre acceptable behavigr 

in these ranges. Some FCC metals include aluminum, nickel, 

copper, bronzes, and brasses. 

Another consideration was the avoidance of low-melting- 

point metals as they will tend to have yield strengths that 

fall sharply as temperatures increases. Also prob lems  occur 

with creep at temperatures approximately one third of the mel- 

ting point temperatures. 

A check and comparison of the metals hardness was also a 

major consideration. The hardness should preverit any measur- 

able wear of t h e  part. On the o t h e r  haxd, 3 h i ~ h  hardness 

number causes increased machining difficultiss. 

The last factor to consider was the strength-tc-weight 

ratio. this factor was computed for each netal ccnsidered. 

These calculations eliminated several materials from our 

selection since weight was a major cansideratism. 

Camlock Yaterial Selection 

With the design of the camlock, materia1 w i t h  tke follow- 

ing properties were considerid: 

1. resistance to brittle f a i l m e  a? 1s:~ :L?!mpornt:iret;, 

. .  1 2. resistance to ductile failwe -5: ni--- ~ . -  temperatl.lr?s, 

3 .  abrasion resistance, 

4 .  high strength-to-weight ratio. 



Age hardened Inconel 718 fit the design requirements very 

well. I ts  melting point of 2651 F means that creep will not be 

a problem until approximately 795 F which is well above service 

temperature. Because of its high nickel content ( 2 0 % ) ,  brittle 

fracture should not occur. Several alloying element substitu- 

tions give 718 high strengths up to 1300 F. The Brinnel 

hardness of 393 is high enough to sufficiently prevent wear. 

List of properties: 

material: Inconel 718, age hardened 

melting point: 2651 F 

Brinnel hardness: 393  (maximum) 

strength-to-weight: 473 - 578 (kip/in )/(lb,’ix ) 

Ring Material Selection 

The interface rings contain several dimensions that n u s t  

be kept within close tolerances. These are location of the 

alignment pins and holes, and location of the lock/lift pins. 

If these dimensions vary between the ship and the cargo by an 

appreciable amount, the interface will bind rather than work 

smoothly. 

One major factor controlling dimensions will be the mount 

of thermal expansion that occurs in the rings or in the ship. 

For this reason, the main criteria for selecting a ring nate- 

ri.il  was a low thermal expafision ccefficient. 

A 3 6 %  nickel alloy s t e e l  ( I N V X ? )  provides excellent ? h e r -  

ma1 ex2ansion Frsperties and still i n < l i ~ I t a i n s  fair machli?e- 

ability. The nickel cont3nt 3150 FrPvents low te!nperatc,-e 

embrittlement in the service temperature range. 



List of properties: 

material : IX'JAR 

Young's modulus : 2 1 x 10 psi 

yield stress: 25,000 psi (minimum) 

Poisson's ratio: 0 . 2 9  

thermal expansion coefficient: 1.5 x 10 / F 

Hook Material Selection 

In selecting a material for the moment hook on the cylin- 

drical container, three factors had to be considered: hard- 

ness, strength, and thermal expansion. 

Since the hooks will be sliding into place, the material 

should be highly wear resistant. Thls will also aid in wear 

due to the abrasiveness of the l u n a r  dust. 

In addition, the thermal expar ,s ion coefficlent should be 

low so that under the extreme temperatures of the lunar day, 

the bar wil? still fit iEto the hook slot without jamming. 

Finally, the material has to have 3 high yield strength so 

t h a t  i t  can withstand the moment forces without failing. 

Through stress calculations , we determined the yield strengtb 

had to be at lsast 8 0 , 0 0 0  p s i .  

As with th2 camlock, age hardened I N C O N E L  718  fit the 

desired criteria b e s t .  Therefore, we decided to make the hook; 

out of this material as well. 



ECONOMIC ANAL'ISIS 

An essential part of design engineering is an estima- 

tion of the costs involved. In our design we considered the 

design and development costs as well as manufacturing costs. 

Desiqn and DeVelOPment Costs 

Engineering man-hours represent the majority of the 

design and development costs. Many hours of research, con- 

ceptualization, and evaluation are spent in determining a 

solution to a design problem. Calculating the number of 

man-hours involved in the design and development of our 

cargo interface is difficult and only a rough estimation can 

be given. A good estimate of the total number of man-hours 

involved would be the time spent by our design group in 

designing and developing the cargo intzrlace. This is a good 

estimation because it assumes that the increased time 

involved in the design and development process will be off- 

set by the better research facilities available and the more 

experienced designers involved. Tke number of man-hours, 

the assumed hourly wage, and estiinated cost f o r  design and 

development is given by: 

600 man hours X $30/hour = $18,000 to Design & Develop 

This figure represents the cost for the design and 

development of the interface only. The design and develop- 

ment cos ts  of a cargo ship, which would employ our inter- 

face, would be much higher. 



Manuf ac tur inn Costs 

Throughout the design and development process of the 

lunar cargo interface, manufacturing costs were taken into 

consideration. Subsequently, a cost effective design has 

been produced. In order to determine the manufacturing costs 

of our design w e  talked with an estimator at Withers machine 

works. A rough estimate w a s  given for each part of the 

interface. Each component and its estimated costs is given 

below: 

INTERFACE COMPONENT COST 

2 Invar Rings @ $2000 ea. $4000 

Machine 3 Holes a 6 slots per ring 6000 

Pins for 2 Rings 1000 

G Cams 2000 

6 Cam motors @ 500 ea. 3000 

1 2  Hooks i!4 100 ea. 1200 

Total Cost to Manufacture Interface $17,200 

These figures represent the estimated cost of the materials 

used as well as the cos t  of manufacturing. A s  stated ear- 

lier these are rough estimates. 



SAFETY CONSIDERATIONS 

Camlock Failures 

The three camlocks per container can fail several ways. 

Any one camlock can fail to operate causing engage- 

ment/disengagement problems. Also, a camlock could stick or 

bind during operation. A camlock can break during locking 

operations or from flight induced stresses. Finally, the drive 

motor can overheat and possibly burn. These failures are 

categorized and analyzed below: 

Class Type 

I Structural failure 
A. camlock and/or pin breakage 
B. bearing-mount breakage 
C. camlock gear breakage 
D. drive gear breakage 

I1 Mechanical failure 
A .  camlock face wear resulting in insuf- 

ficient locking 
B. bearing wear 
C. gear-tooth wear 
D. internal drive motor failure 

111 Electrical failure 
A .  loss of main power 
B. loss of control signal 
C. failure in safety system 

Obviously, class I failures require that the ring con- 

taining the bad camlock not be used on any flights until the 

camlock is repaired. Failure during flight should not present 

a problem since the remaining two cams are designed to with- 

stand the load for short durations. Failure of two camlocks on 

the same ring during flight will probably result in loss of 

cargo and possible damage to the craft. However, a1.l camlocks 

act as independent systems; therefore, failure of two camlocks 



on the same ring is unlikely. If the class I failure involves 

a camlock failing to completely engage or disengage during 

loading or unloading operations, the container in that ring 

must remain in place until the  camlock can be repaired. 

Class I1 failures are generally preceded by progressively 

worse ring fit or camlock operation. It is hoped that such 

problems could be noticed and corrected before catastrophic 

failure occurs. 

Class I11 failures can cause operation problems but should 

not result in catastrophic losses. 

Failures during loading and unloading operations (class I, 

II.c, II.d, and 111) do not result in the possibility of injury 

since the camlocks do not act as supporting members. Failures 

during flight (class 1.a and 1 . b )  should not result in injury 

since the craft is unmanned while in flight. 

The worst case scenario, however, yields a slight possi- 

bility of endangerment to personnel. If the craft loses a con- 

tainer during lift-off, it may tumble and crash into the col- 

ony. Designers of the rockets and control systems should try 

to design for such a situation so a suitable amount of craft 

control can be maintained after such a container loss. Control 

of the falling container is not possible. 

In an effort to prevent in-flight container losses, all 

camlocks have safety switches that prevent lift-off if any 

camlock does fail to engage completely. Failure of this system 

should also prevent craft lift-off. This can be accomplished 

by using a fail-safe, closed-loop control system. 



Ring Failures 

The ring has a variety of components that can fail. 

Aligning pins, aligning holes and ring surfaces are all subject 

to structural failures. These failures are categorized as fol- 

lows: 

A .  aligning pin breakage, 

B. excessive plate warpage, 

C. ring fracture. 

First of all, the aligning pins main function is to 

alignment the container during the loading operation. However, 

in the event that one of the pins breaks, the loss is mainly 

ease of alignment. The two remaining pins are more than suf- 

ficient to control any horizontal forces on the interface. 

Care most be taken to clear any broken pin debris from the flat 

ring surfaces. Debris could keep the two flat surfaces from 

properly seating. This situation must be corrected before the 

cargo can be locked down. 

The two ring surfaces will not mate if excessive warpage 

of either or both components occurs. Both surfaces were 

designed with enough tolerance to allow mating under expected 

thermal expansion warpage. However, in the event that warpage 

is excessive, the aligning pins can not fit the holes and the 

cargo loading must be postpones until the problem is corrected. 

The ring structure was designed with a factor of safety of 

two. This was in anticipation of abuse. Loading, unloading, 

take-off and landing are rarely gentle processes. In the event 

that stresses occur high enough to fracture or break the ring 

device, the use should be immediately halted until repairs or 



i 

replacements can be made. If the breakage occurs in flight, 

the ship supports can hold the containers in most situations. 

Otherwise, loss of cargo becomes a concern. 

Hook Failures 

There are several ways the hook and bar assembly that hold 

the cylindrical container can fail. One or both the hooks 

could break, the bar could break, or the end of the hook could 

become chipped or deformed. 

If one of the hooks break, the other hook should suffi- 

ciently carry the extra load. If both hooks break, the inter- 

face should be able to withstand the moment provided the angle 

of incline is not excessive. If the hook chips, then the frag- 

ment could fly off and damage another piece of equipment or 

even worse, injure someone. If the hook deforms, a problem 

might arise while loading the cargo. The hook would have to be 

fixed or replaced before loading could continue. 



CONCLUSIONS 

Our main objective in this design was to achieve a self 

aligning and remote locking interface system to be used in 

space. W e  feel  that the ring and hemispherical cargo cap 

arrangement meet this criteria. 

The cam lock device is remotely operated and is capable of 

holding the cargo snuggly in position during flight. We feel 

that this interface is safe, as well as user friendly, and 

with a good end effector has much potential as a standard 

space cargo interface. 

\ 



This project had very few constraints as assigned. For 

this reason, most of your efforts have been in narrowing the 

scope and conceptualizing the possibi 1 i ties. We recommend 

further investigation of ship configurations, and cargo con- 

struction. Such as designing an expendable lander, using our 

interface rings, or developing pallet shapes. 

We also recommend further research in the areas that we 

were unable to address. Such as, end effector design for the 

lifting device, composite materials application, and micro- 

scopic welding. Further w o r k  in these areas would be 

necessary to support our designs. 





T h e  p r o b a b i l i t y  of t h r e e  p i n s  E j i m u I t a n e o u s l y  f i t t i n g  i n t o  
t h r e e  h o l e s  w a s  i n v e s t i g a t e d  w i t h  t h e  a i d  of a Monte C a r l o  subr- 
o u t i n e  c o m p u t e r  program. ( R e f .  fAppendi:.:al! I t  w a s  a s s u m e d  t h a t  
t h e  d i  m e n s i  oris spec i  f i ed w e r e  appro:.: i m a t e 1  y nnrmal  1 y d i  stir i bc.ttod 
a n d  a mean a n d  a s t a n d a r d  d e v i a t i o n  c o u l d  D e  c a 1 c u l a t e d .  

e 
For a g i v e n  tolerance, i n  t h e  i a r m :  X f A x  - 
T h e  s t a n d a r d  d e v i  a t  i o n  i 5: s:.: = ( (r+&.: 1 - C X-A:.: ) ) ic? = 4:: / 3  

i 

( 3 )  D i s t a n c e  b e t w e e n  h o l e s  

( 3 )  D i s t a n c e  b e t w e e n  pin= 

( 3 )  Dj .amete i -  af  ho les  



Gssuming  t h a t  a h o l e  c e n t e r  c a n  be l o c a t e d  w i . t h  an accur-acy uf 
.005 i n . ,  t h e  mean a n d  sjtandard d e v i a t i o n  Q+ the d i 5 t . a n c e  be.t- 

ween c e n t e r s  c a n  b e  c a l c u l a t e d .  

Mean: - 
X = 2.799 i n .  
7 = 5.595 i n .  

i n .  1 

in. ) 

i n .  i 



The  p r o g r a m  ca.1 C U I .  a t e d  a rantjctrn I.io1 E_. i+i-.r. 3.1-igemer-t-lz f r'orn t h e  
d i s t a n c e s  b e t w e e n  h a l e s  and t h e  diameter 0.5 i -~ t~ iez. ,  It the11 cal- 
c u l a t e d  50C) c w n b i n a t i o n s  of p i n  arrangement?: .  anci t . r i e d  t o  f i t  
t h e m ,  c7Iie at a time, i n  t h e  h o l e s .  I f  no i ! - ~ - t c r f e r - ~ t n c e  or:cured, 
i t  w a s  c o r i s i d e r e d  a S U C C ~ ~ ~ .  T h i s  p r c ~ c r s ~ j  ii~tis r e p e a t e d  5i:ti:) 

t i m e s .  

N u m b e r  of s c ~ c c e ~ s e s  - 249,771 

Number o f  f a i l u r e s  - - -23-7 L& 

A n o t h e r  f a c t n r  t h a t  w i l l  e f f e c t :  t h e  t m l c i ~ z ~ . n c e s  0.f t he  h a l e  - 
p i n  i n t e r f a c e ,  is t h e  m a x i m u m  a l l o w a b l e  berrding or w a r p a g e .  T h i s  
c a n  b e  caus;ed b y  t h e r m a l  st resses or pl-l..;.;ical damage to the cargo 
c o n t a i n e r .  T h e  t h e r m a l  stresses, or  b c n d i n q  moment can be c a l -  
c u l a t e d  S a r  t h e  case of a h o l l o w  c i r c u l a r  r . . inq.  f i x e d  a t  t h e  edge 
a n d  a t  t h e  m i d d l e . 3  
bracing b u i l t  i n t o  t h e  s h i p  w i l l  s i m u l a - t e  . t . l i is  conrJ1.ticsn. 

T h e  b r a c i n g  b u i l t  i n t o  t h e  c a r g o ,  a n d  t h e  

T h e r m a l  stresses o f  t h i s  t y p e  w i l l  be t h p  l a r - g e s t  when a cold 
(-250 F )  car30 r i n g  comes i n  c o n t a c t  w i t h  a hot (+25G F i  i n t e r -  
face r i n g  . I h e  ma;: i mum b c n d i  i -~q moliiEnt i s ca? c i i ?  a t 4  be? a w  usi ng  
t h e  p r o p e r t i e s  o f  I n v a r .  

- 

Mi.-. = M o  = E d T  h 2  

1 . 5 :.: 



F n r  mtr d e s i g n  pc.w-p(.:~r=s, WE? w i l l  a s s u m e  that the b e n d i n g  
moment w i  1 1 b e  c o n t a i  necf , a n d  t h a t  a ma:.: i m i t i n  c r n t e r -  d e f  1 ec t i  o n  c?f 

t h e  i n t e r f a c e  r i n g  w i l l  n o t  exceed .015 i n .  From t h i 5  f i q u r - e ,  w e  
c a n  c a l c u l a t e  t h e  e f f e c t  of t h e  b e n d i n g  o n  t h e  h a l e  - p i n  c l ea r -  
e n c e .  

S i n c e  our- p i n  O.D. w i l l  b e  3 i n . ,  t h e  angle at t h e  edge of  
t h e  h o l e  w i l l  b e  2 / 3  0 . 

8 ac tua l  = . 1906 d e g .  

L 
X = .5 s i n  . 1 9 O A  

= . ( I > t I ) 1 &  i n .  0e - - - -- - - - _- .- 

THERMAL EKF'&NSII~P.I: 

C h a n n e s  i n c l i  vencSj. or1 d u e  .to t h e r m a l  e x p a n s i o n  shoiri d be  h e l d  
t o  a miniinurn w i t h  a c o m b i n a t i o n  of r i g i d  b r a c i n g  a n d  low e x p a n -  
s i o n  inaterial  s e l e c t i o n .  The e x p a n s i o n  i n  t h e  area clf t h e  h o l e  
can b e  l a o k e d  at o n  an i n c r e m e n t a l  l e v e l .  

L 



Ey s u p e r p o s i t i u n ;  t h e r m a l  e : i p a n s i n r I Y  b e n d i n g  d e f l e c t i o n ,  ar)c:/ 
m a c h i n i n g  tolerartces may be  a d d e d  t o g e t h e r  t o  . f i n d  the over-al l  
t o 1  e r a n c e s  r e q u i r e d  f o r  a nor>--i n t . e r f  e r e n c e  f i t . 

A d d i t i o n a l  f a c t o r s :  

B e n d i n g  - - - - .C)016 i n .  r a d i u s  = .(IO32 i n .  d i d .  

T o t a l  = .GC)54 i n .  d i d .  

F i n a l  d e s i g n  tolerances: 

Ti.ghte5.t  f i t  - - - . (3330 i n . ( i tic 1 ud i n g hen c l  i n CJ % e:.: pan si on j 

L-rlosest f i t  - - - . 0 1  76 i n.  



( ref .  no. 84 1 

Stress ma:.:. M c / I = (5875) (.7(:)84!/ .6488 = 6414.6 p 5 i .  



For- s . k r - a i g h t  sec t ion  : @ i3t.  12 on tiaoi:. 
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THIS -0QUn USES A CARLO ROUTINE TO EVALUAE flllf 
STATISTICS OF TBE cEo)(ETRY OF LOCATING THREE PINS IN "HUE 
HOLES. THE STATISTICS OF THE MNMln VARIABLES APPEARING IN 
LOCATING EQUATION DETERHINE THE TOLERENCES NEEDED FOR A 
SUCCESSFVL DESIGN. 

THE DISTANCE BETWEEN PIN CENTERS, OR HOLE CENTERS. 
RAwMln PIN DIAXETER. 
RANDOX HOLE DIAXETER. 
XEAN PIN DIAWETER. 
STANDARD DEVIATION OF PIN DIAWETER. 
HEAN HOLE DIAHETER. 
STANDARD DEVIATION OF HOLE DIAIIETER. 
XEAN DISTANCE BETWEEN HOLES. 
STANDARD DEVIATION OF DISTAWCE BETWEEN HOLES. 
XAX. DISTANCE BETWEEN PIN EDGES. 
XIN. DIATANCE BETWEEN PIN EDGES. 
HIN. DISTANCE BETWEEN HOLE EDGES. 
CLEARANCE ON A RANDOX FIT. 
NUXBER OF SUCCESSFUL GENERATED CONFIGURATIONS. 
NUXEER OF FAILURE GENERATED CONFIGURATIONS. 
AVERAGE CLEARANCE ON FIT. 

READ XEAN PIN SIZE, XFAN HOLE SIZE, PIN STANDARD DEVIATION, 
AND HOLE STANDARD DEVIATION. 

READ*, P1, SP 
READ*,H~,SH 

CALCULATE RANDon HOLE CONFIGURATION. 

DO 10 I-1,500 
DO 15 J=1,3 
CALL RlurnOR(RN) 
T (J) =RN*ST+Tl 
IF (T (J) . LT. 0.0) THEN 
T(J)=l.E-SO 
END IF 
CALL RA"OR(RN) 
H ( J) =RN*SH+H~ . 
IF (H (J) . LT. 0.0) THEN 
H (J) 11. E-50 

T(4)=T(l )  

END IF 
15 CONTINUE 



B (4 )  =H (1) 
DO 17 3=1,3 
HXX (J) =T(J) +. 5*H(J) +. S*H(J+l) 
H" (J)=T (J) -. 5*H (J)-. 5*H (J+1) 

17 CONTINUE 
C 
C EVALUATE 500 DIFFERENT PIN CONFIGURATIONS 
C FOR EACH RANDon HOLE CONFIGURATION. 
C 

DO 20 K=1,500 
DO 25 J=1,3 
CALL RANNOR(RN) 
T (J) =RN*ST+Tl 
IF (T (J) , LT. 0.0) THEN 
T (J)=l. E-50 
END IF 
CALL RAN#OR(RN) 
P (J) =RN*SP+Pl 

P (J) = 1 . E-50 
END IF 

25 CONTINUE 
T (4) =I (1) 
P (4) =P (1) 
DO 27 J=1,3 
PHIS (J) =T (J) +. 5*P (J) + .Sfp (J+1) 
PHN (J) IT (J) - .5*P (J) - . 5- (J+l) 

IF (P (3) . LT. 0.0) TREN 

27 CONTINUE 
C 
C EVALUATION 
C 

DO 30 J=1,3 
IF (PHX (J) . LT. EXX (J) .AND, PHN (J) . GT. IMN (J) 
YES = Y ES+ 1 
CLR=CLR+ (HXX (J) -PXX (J) ) /2+ (PMY (3) -H" (J) /2 
AVE-CLR/ (YES*2) 
ELSE 
NO-NO+ 1 
END IF 

30 CONTINUE 
N=N+ 1 

20 CONTINUE 
10 CONTINUE 

C 
C EVALUATE THE FINAL STATISTICS. 
C 

PRINT*,'NUXBER OF TRIALS - ',N 
PRINT*,' ' 
PRINT*,'NUTiBER OF SUCCESSES = ',TES 
PRINT*,' ' 
PRINT*,"UXBER OF FAILURES = ',NO 
PRINT*,' ' 
PRINT*,'AVERAGE CLEARENCE = ',AVE 
END 

C 
C SUBROUTINE RANNOR CALCULATES A RAM)(m VARIABLE. 
C 

SUBROUTINE RANNOR (RN) 
C=3.1415926536 
A=RANF (0 )  
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i REI B o n d i n g  resins t o  e n a r n e l  r e q u i r e s  some f o r m  of rnecnanicrl attacnment. 

C u r r e n t l y  t n e  a i a s a i u t i o n  of t n e  outermost enamel layer is i n v o l v e d  
i n  e t c h i n g  w i t n  pn~3sPnCwlc  acld.  Qn@ o f  t h e  a u t h o r 5  ( . S m i t h ,  w i t h  L. 
Car- t  r i  has p r e v i o u s l y  d e r m n s t r a t e a  t h a t  p o l y a c r y i  ic acid s u l u t  i o n s  
w h i c h  c c l n t a i r l e a  r - e s i d c t a l  su l f a t e  i o n  pr-oauced a w h i t e  c r y s t a l l i n e  
d e p c t s i t  uri t h e  tooth s u r f a c e  w h i c n  w a s  5hOWn t o  be c a l c i u m  s u l f a t e  
d i h y d r a t e  ( I . @ . ,  gypsum) .  T n e s e  c r y s t a l s  w e r e  f i r - m l y  bclrrded to  t h e  
enamel arid a p p e a r - e a  to be n u c l e a t e a  in t h e  s u r f a c e .  T h e  p u r p o s e  of 
t h e  p r - e s e n t  i n v e s t i g a t i o n  was t o  a e t e r m i n e  tne  p o t e n t i a l  v a l u e  o f  
t h i s  c r y s t a l  i ine i n t r f a c e  as a mechanical i n t e r l u c k i n g  d e v i c e  f o r  
bctnding materiais tc l  the ' t c m t n  f c t r  CwthodOnt  ic a n d  r - e s t u r a t  1 V e  

applications. r h e  c r y s t a i s  pi-oducea a s  good a Dona s t r e n g t h  a5 
cunven t  ictna1 acid e t c h i n y .  T h e  c r y s t a l s  c a n  b e  rerfloved fr-urn t h e  
enanie i w i t n an 8-t 1 t i - a s o n  i c o r  si c k  1 e-sca 1 ei- f o 1 1 o w e d  by pim i ce 
p r o p h y l a x i s .  Many v a r i a t  i 6 n s  of t a e  c r y s t a l  g r o w t h  p r i n c i p l e  niay be 
visuai izea, i n c l u c l i n g  t h e  d e v e i o p m e n c  of f l u o r i a e - c o n t a i n i n g  
c r y s t a l s .  6 r - e f s .  
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h c t i s t i n g  c o r r t a i n e r s .  I n  L h i n e s e  w i t h  E n g l i s h  aa s t r ac t .  
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I N  R p p l  Ccilctr S y s t ,  P r - i n c e t u n ,  RIJ, USR. 
T I  ADDING 'COMPUTE2 POWER' T O  C0LC)R SHOP OPERkTIONS. 
S O  Brn D y e s t  Rep v 71 rl 3 Sep 1362 p 23, 70. 
M J  TEXTILES. 
MN P r i n t i n g -  
X 17 TE X T 1 LE - F I h I SH i NG : C orfl p 1-1 t e r -A p p i 1 c a t i ore .  
IS OUUi?-B2i5€#. 
CC R72:3. F1745. Q662. B81'3. 
CD G D R E R I .  
RE G n  au tc t rna ted  p r o d u c t  ion d i s p e n s i n g  s iystem is d e s c r i b e d  t n a t  w a 5  

d e v e l o p e d  f o r  t e x t i l e  p r i n t i n g  p l a r i t s  and i5 used i n  c u n J u n c t r o r t  
w i t h  a c t D l o r  ctarftpi-lter. The s y s t e m  consist5 o f  electro-fiiechariical 
f l u i d  h a n d l i n g  d e v i c e s  u r lde r  t h e  corflmand o f  a cclntroller w h i c h  is 
i3uzi-cc~r1rlect e d  t o  t h e  coiclr ccinlputer. The a d v a n t a g e s  o f  t h e  
at~itsmatea s y s t e m  over- manua l  d i s p e n s l n g  are specif  l e d  l n c l u d i n g  
.L r l c r easeu  pros uct 1 c t n  t h r o u q n  pu't , w a s t e  red u t t  art arta n Umarl e r r o r -  
i - e a u c t  i o n .  I n e  i r i ipier i ientat  icirt of si.\cn s y s t e m s  m a k e s  i t  p o s s i  b i e  t o  
t r-:ansfer- l a o o t - a t c ~ r y  o r e c i s i c i r c  i n t u  orctauct ion aoerat ions a n d  .ts 

- .  

,-..- - l r  c t v i c e  n e w  ievels o f  e f f i c i e n c y  i n  c e x t i l e  p r i n t  i n q .  
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p e r m i t s  s t a n u a r - a l z l n g  a n a  cornoining  tntl s e c o n o a r - y  ctzcr~t i i~Augy 1 - t  u r i i  

wnicn completely n o v e l  t c l n c a p t s  follow. R e m o t e  con t ro l  l e d  
p r o t e c t i o n  is aescr-ibea w h i c h  w a s  t e s t e a  i n  t h e  i a b t 3 r a t C t t y  a n d  i n  an 
QLt-,tr-ian Kapr-un power  ger ier-at  i n g  star; i c ir i .  2 refs. I n  Ger i r i a r r .  
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Y c ~ s n  i a a - N o r i y o s n  1. 
I N  NEC, J p n .  
T I  MODEL Et7 EQUiPr*IENT FOR TRf3NSMISSiON €QUI PIVENT. 
5cI NEC Res Dev v 62 J u l  1'381 p 24-30, 
M J  RRDIO-TRGNSMISSION. 
MN Eq c 1 i  pment  . 
X R RQD I O-EQU I PMENT : Nod 1-1 1 a r - C o n s t  r - i - r c  i a n .  

Large-Sca i e - I  n t  e g r a t  i o n .  
IS 0547-05 1 X I  
LC R 7 1 3 .  R714. R 7 1 6 .  
LD r t E C X L i .  
AB R new r t i e c n a n i c a i  d e s i g n  f o r -  i n s t a i  1 i n q  t r ans r i i i s s i i r i n  e q u i p m e n t  is 

IVO J 1 r' i -A i d eo. I r i i d  1 -ri i d e a  k. I . Kcts u CJ i -Ta K a s:i i . 

I NTEGRQTED-C 1 RCU I TS : 

c e s c r i D e d .  I n  line w i t h  t h e  recent p r o g r - e s s  i n  p e r t  i r i enc  
t e c n r l s t l o g y ,  NEE is nclw iriipr-clvinq i ts  e q u i  pnient wi t n  s e v e r a l  new 
prtrtaucts d e s i g r r e d  tirt meet t h e  g r o w i n g  n e e d s  f o r -  cuariiunicat 1ciri 
ser-v i ces w n  1 c n  are  eas i 1 y e x  pandao  le, ecortoni i ca 1 1 y cc8rIs.t r u c t  ea,  
easily i n s t a l  iea ,  etc. The n e w  e q u i p m e n t  has a d o p t e d  
rnecn a n  1 c a I i y- s t a rid a r d i = ea p 1 1-1 g - i ri 1-1 n i t s a n d  
n e w l y  d e v e i o p e d  t r a n s r r i i s s i o n  d e v i c e s ,  ICs a n d  LSIs, t h u s  e n s u r - i n g  
n i q n l y  rei i a o i e  cctnrtect icirts aased o n  t h e  a i s p e r s i v e  airect 
cctnr lect  ; o n  of s t a t  i o n  cabies irl a b a y  frame ( c o n n e c c  i n g  c a u l e s  
direct tcl separate  tnoaur-arks)  . T n e  equi prnent is ear-ti7quak.e-pproof. 

f cinc t 1 c t  n a  1 b 1 oc CC s u s 1 rl g 
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FIcl Wardona-Daniel-V. 
I N  RMP Inc,  H a r r i s b u r g ,  Pa. 
T I  CONNECTOR FOR PIEZOELECTRIC TONE GENERQ-rOEi. 
S O  Qnriu Conriectctr-  Syrflp P r c c  l s th ,  F h i l a d e l p h l a ,  Pa. Oct 6-3 1380. P u b i  

by E l e c t r o n  C o n r l e c t o r  S t u d y  G r o u p  I r c ,  F o r t  W a s n i n q t o n ,  Pa, 1380 p 
34 1-346. 

lvlJ PIEZOELECTRIC-TRR~SD~C~RS. 
XR ELECTRIC-CONhECTORS. QCOUSTIC-GENERRTORS. 
IS 0145-0085. 
CC Q704. Q714. Q752. 
CD RCPRD9. 
GB D e s c r i b e d  is a aevice  f c ~ r  c u n r i e c t i n g  a c i r c u i a r  p i e z o e l e c t r i c  - t r a n s d u c e r -  d i s k  to a p r i n t e d  circuit  board.  ihe p a r t  is d e s i g n e a  

for e a s y ,  q u i c k  a s s e m o l y .  H o l a i n g  a v i D r a t  i n g  t r a n s d u c e r  d i s k  
w i  t h u u t  i n d u c i n g  a g r e a t  amoun t  of aarflping or a d v e r s e l y  r e s t r i c t i n g  
its r n o t i o n  is v e r y  d i f f i c u l t .  This d i s k  g r a s p i n g  method p r o v i d e s  a 
ciear, consistent, and r e l a t i v e l y  l o u d  S Q t I I r t d  o u t p u t .  Riso, i t  is , 

curnpat i b 1 e w i t n t h e  t r-era t ccwar-d denser  p r  i n t  e d  c i rcu i t bctar-d 
corn p o r t e n t  t-y s i nce e 1 ec t rctn 1 c p a r t  s, 
packanes, can o e  n e s t e d  i r l s iae  t n e  ccinnector .  I ne p a p e r  explains 
h u w  the cur tnec tu r  deveictpprtient prctcess a d o t - e s s e u  t h e  eiectt-icai, 
m e c n a n i c a l ,  acclust icai, arta ecorIorliic r -eq~_ci r -e rnents  ass;ociatec w i t h  
rtiak.ing a r e l i a D l e  CcI r I r lec tor - .  I n c l u a e a  are mater-iai f a t i g u e  d e s i g r c  
c r i te r ia  arta a p r e s e r l i z a t  1ctr-f af  the slrlctnd ~ s u t  p u t  a n a l y s i s .  
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A s  a n  a l t e r n a t i v e  t o  OLW d e s i g n ,  a n  i n t e r f a c e  wt i ich  u t i -  

l i z e s  hao1::s a n d  p i n s  o n l y  ic ,  a c o n s i d e r - a t i a n .  T h e  s h i p  c : ~ r t -  

f i g u r a t i o n  a n d  t h e  c y l i n d r i c a l  s h a p e d  c o n t a i n e r s  are  similar t o  

t h e  o n e s  p r o p o s e d  f o r  our i n t e r - f a c e .  The d i f f e r e n c e  b e i n 3  t h e  

l o c a t i c r n  of  t h e  a t t a c h m e n t  p E i n t s  o n  t h e  s h i p  a n d  t f ie  c o n t a i n -  

ers. T h e  c o n t a i n e r s  w i l l  have six p a i r s  US hc;oC::s a t  MI d@gr.ee 

i n t e r v a l s  on t h e  u p p e r  a n d  l o w e r  p o r t i o n s .  T h e  s h i p  w i l l  b e  

a1 t e r e d  i n  s u c h  a w a y  a5 t o  a l l o w  a. p a i r  a f  hon!::s t o  engage a t  

t h e  t np  and t w o  p a i r s  o f  h o ~ l : : ~  t u  engage  at. the bottom. 

L i i t i n g  w i l l  b e  a c c o m p l i s h e d  b y  c o n n e c t i n g  t o  the u n u s e d  

h o o k s  l o c a t e d  on t h e  u p p e r  p a r t  o f  t h e  c o n t a i n e r .  T h e  m a j o r  

drawback t o  t h i s  d e s i g n  is the i n t e r f a c e ’ s  i n c o m p a t i b i l . i t y  w i t h  

5.p h er i c a1 con t ai  n e r  5. 
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